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Accuracy and Reproducibility of a Manual 3-dimensional Superimposition
Method to Register Dental Model Images to Cone-beam Computer Tomography
(CBCT) Image – A Preliminary Study
Abstract
Purpose: The purposes of this study was to evaluate the registration error and its reproducibility for
implementation of the laser-scanned dental model images onto the CBCT scan data by using the manual
3D superimposition. Materials and methods: Twelve arches out of 8 consecutive patients were enrolled in
this study. Both CBCT and dental impression were taken as orthodontic records and the dental casts were
then laser-scanned into dental model images with STL file format. In SimPlant OMS software, we register
the dental model images onto CBCT teeth images with manual 3D superimposition technique.
Afterwards, validation was performed in 3dMDvultus and the accuracy was presented in terms of root
mean square difference (RMSD). Wilcoxon Two-Sample Test and pair T test was used for post-hoc
comparisons to evaluated the intra-operator and inter-operator difference. Results: The RMSD of shell/
shell deviation was 0.31 mm in operator A and 0.23 mm in operator B. There was significant difference
between these two. The RMSD of shell/shell deviation in operator A was both 0.31 mm in 1st and 2nd
time operations. There was no significant difference between these two operations. Conclusions: Freehand 3D superimposition is able to achieve good accuracy of registration. However, outlier still exists and
would deteriorate clinical results. So validation of the registration is highly recommended after each
registration with the use of this manual 3D superimposition technique.
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Accuracy and Reproducibility of a Manual
3-dimensional Superimposition Method to Register
Dental Model Images to Cone-beam Computer
Tomography (CBCT) Image – A Preliminary Study
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Purpose: The purposes of this study was to evaluate the registration error and its reproducibility for
implementation of the laser-scanned dental model images onto the CBCT scan data by using the manual 3D
superimposition.
Materials and methods: Twelve arches out of 8 consecutive patients were enrolled in this study. Both CBCT and
dental impression were taken as orthodontic records and the dental casts were then laser-scanned into dental
model images with STL file format. In SimPlant OMS software, we register the dental model images onto CBCT
teeth images with manual 3D superimposition technique. Afterwards, validation was performed in 3dMDvultus
and the accuracy was presented in terms of root mean square difference (RMSD). Wilcoxon Two-Sample Test
and pair T test was used for post-hoc comparisons to evaluated the intra-operator and inter-operator difference.
Results: The RMSD of shell/shell deviation was 0.31 mm in operator A and 0.23 mm in operator B. There was
significant difference between these two. The RMSD of shell/shell deviation in operator A was both 0.31 mm in
st

nd

1 and 2 time operations. There was no significant difference between these two operations.
Conclusions: Free-hand 3D superimposition is able to achieve good accuracy of registration. However, outlier still
exists and would deteriorate clinical results. So validation of the registration is highly recommended after each
registration with the use of this manual 3D superimposition technique. (J. Taiwan Assoc. Orthod. 24(4):

16-23, 2012)
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which is another method without using the fiducial

INTRODUCTION

markers. Nevertheless, speciﬁc software is required when

Recently, 3-dimensional (3D) images have shown
its superiority as compared to 2-dimensional (2D) ones
for diagnosis, treatment planning, and evaluation of the
1, 2

treatment results in dental and medical ﬁeld.

Cone-beam

computer tomography (CBCT) images have gained its
popularity and been widely used in the dental treatment,
such as dental implant and craniofacial surgery.

3-8

Nevertheless, CBCT images are either with low spatial
resolution or influenced by scatter from metal material
(e.g. dental restorations, orthodontic brackets…etc.) so
the dentition parts are not accurate enough for clinical
use. Therefore, some attempts have been made to solve
this problem by registering accurate, laser-scanned dental
model images onto CBCT images to replace the blurred
teeth.

9

Gateno et al reported a technique of creating a
computerized composite skull model by fusion of a 3D
CT bone model and a digital dental model obtained from
a laser scanner. In their technique, the dental model is
accurately registered onto 3D CT bone model with ﬁducial
markers. In order to incorporate fiducial marker in both
laser-scanned and 3D CT images, a custom-made, patientspeciﬁc bite-jig is necessary during the image acquisition.
10

Uechi et al suggested a method of fabricating a virtual
skull model integrated with a laser scanned dental model
using a multimodal image-fusion technique. In their
method, ceramic balls are used as fiducial markers to
accurately register the dental model images onto CBCT
image. Swennen et al used fiducial marker method
11

once , then changed to a technique to set up a 3D virtual
augmented skull model with a detailed dental surface
12

using the so-called“triple CBCT scan”procedure. In
this method, a voxel-based registration is adopted and
no further fiducial markers are required. Nkenke et al

13

suggested the fusion of CT scan data and digital surface
data of a plaster cast using surface-based registration,
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using this method.
Although all the aforementioned techniques
suggest an acceptable result of registration accuracy, the
procedures are rather complicated and impractical for
most practitioners because they require either additional
equipment (e.g. fiducial markers) or specific computer
software for the registration. As a matter of a fact, most
3D software is able to show virtual models both in 2D
(coronal, axial, and sagittal cross section view) and 3D
views that can be used for manual superimposition (e.g.
SimPlant OMS, Fig 1). If the accuracy of this technique
(manual 3D superimposition) were comparable with the
aforementioned methods, it would be the simplest and
most convenient way to construct a composite skull model.
The purposes of this study was to evaluate the registration
error and its reproducibility for implementation of the
laser-scanned dental model images onto the CBCT scan
data by using the manual 3D superimposition.

MATERIALS AND METHODS
Twelve arches out of 8 consecutive patients were
enrolled in this study. The inclusion criteria were: 1) at
least 10 teeth in one arch with intact crown portion; 2)
less than 3 teeth with metal restorations (e.g. amalgam
restoration, metal crown / porcelain fuse to metal crown…
etc); 3) no orthodontic brackets.
All subjects had CBCT scan (13cm×2, 40sec,
0.4 mm in slice; i-CAT; Imaging Sciences International
Inc., Hatfield, PA, USA) and the images were saved
as the digital imaging and communication in medicine
(DICOM) ﬁle format. Meanwhile, full mouth impressions
were taken and poured into dental casts, which were then
scanned with a high-resolution laser scanner (3 Shape, 3D
Scan Company, Atlanta, GA) into 3D objects and saved as
the ﬁle format of Standard Tessellation Language (STL).
In SimPlant OMS software (Mateiralise Dental;

17
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Leuven, Belgium), we opened the DICOM file, made

software (version 17.0; SPSS, Chicago, Ill). The means

masks of maxillary and mandibular dentitions with the

and standard deviations of the shell/shell deviation were

default threshold of teeth (Fig 2), calculated 3D objects

calculated for all registration in each maxillary and

out of these masks with maximum quality. These 3D

mandibular arch. One-way analysis of variance (ANOVA)

objects of the dentitions were then used as the aim we

was used to analyze the differences in shell/shell deviation

were going to register the dental model images to. In

according to the registration area, and the Wilcoxon

addition, the following validation was performed by

Two-Sample Test and pair T test was used for post-hoc

evaluating the shell-to shell difference between the dental

comparisons.

model and these 3D objects of teeth.
Then we imported the STL files of the maxillary/

RESULTS

mandibular dental models and manually registered them
onto the teeth images out of CBCT with the wizard

The table 1 lists the statistical results of operation

function of“Load maxillary / mandibular cast”in

accomplished by two operators. The shell/shell deviation

SimPlant OMS software. The wizard firstly guides you

in operator A ranged from 0.19 to 0.63 mm with the mean

to choose the STL file (Fig 3), roughly align the dental

of 0.31 mm. In operator B, the shell/shell deviation ranges

model image close to the teeth image by assigning 3

from 0.18 to 0.33 mm with the mean of 0.23 mm. There

corresponding points (Fig 4), then we began to manually

was signiﬁcant difference between these two.

superimpose the 2 models by rotating and translating

The table 2 shows the statistical results of operation

the dental models in both 2D and 3D views (Fig 5). Two

accomplished by the same operator (operator A) for 2

operators (L.Y.S. as operator A and H.S.P. as operator

times which is at 10 days apart. The shell/shell deviation

B) performed manual superimposition on all 12 arches

in operator A for the 1st time ranged from 0.19 to 0.63

respectively to assess the inter-observer reproducibility. In

mm with the mean of 0.31 mm. In the 2nd time, the

addition, one of the operators (operator B) performed the

shell/shell deviation ranges from 0.19 to 0.64 mm with

manual superimposition again 10 days apart from the 1

the mean of 0.31 mm. There was no signiﬁcant difference

st

registration to assess the intra-observer reproducibility.

between these two operations.

STL files were exported from each SimPlant files
after the manual superimposition. Each set consisted of

DISCUSSION

a teeth model out of CBCT images and a dental model
which had been manually repositioned and reoriented to

With regard to inter-observer reproducibility, the

the surface-best-ﬁt with CBCT teeth images. Each set of

Operator A is a prosthodontist who has no experience in

STL ﬁles were then imported into 3dMDVultus software

either 3D imaging or using SimPlant OMS software. In

(3dMD, Atlanta, GA). To test the registration error,

contrast, the operator B is an orthodontist who has been

we utilized the“shell/shell deviation”function in the

using this method for 3D superimposition over 100 times

program to measure the 3D Euclidean distances between

already. Even though there was significant difference

the surfaces of all crown portions except for area with

between these two operators, the accuracy results in

metal scatter. (Fig 6) The root mean square difference

terms of RMSD were both less than 0.4mm, meaning the

(RMSD) was recorded to assess the accuracy of the

registration accuracy of this manual 3D superimposition

registration.

is comparable with the previous articles. Less than 0.5

Statistical analysis was performed using SPSS

18

mm RMSD is considered to be clinical acceptable.
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Nevertheless, in operator A, the range of the RMSD

As compared to the automatic or semi-automatic

was larger and in one case even reached up to 0.63 mm,

registration method, this manual 3D superimposition
method undoubtedly takes time. According to the authors'

which exceeds clinical acceptance. So validation is highly

experience, it takes about 5 to 10 minutes to complete

recommended after each registration.

one arch registration in average that is similar with

There was no significant difference between the

some automatic or semi-automatic registration methods

1st and 2nd results of operator A accomplished in 10

/ functions in some simulation software. However, it

days apart, meaning good intra-observer reproducibility.

deﬁnitely takes longer time to accomplish this procedure

However, this also means if the registration is less than

for beginners. In addition, for every manual procedure,

ideal in the 1st time, it would still be poor in the 2nd

shorter working time may results in poor results. These

registration without notification. So validation of the

should be taken into consideration when choosing which

registration is highly recommended after each registration,

registration method to use.

notifying the poor registration result and the operator can

In this study, both operator A and B are dental

improve it accordingly.

professionals so both of them have the knowledge and

When calculating the shell/shell deviation, there

sense of tooth anatomy that may be beneficial to this

was larger error at the area of the occlusal surface and

registration procedure. In other words, we are not sure if

proximal region (Fig 6). This was then conﬁrmed to be the

an operator without dental knowledge could achieve the

effects of the restoration scatter from the composite resin

same accuracy when using this method. Further evaluation

ﬁllings and alginate bubbles. So the true registration error

is needed to test the effects of different operators who do

should be smaller than we present here.

not have related background and knowledge.

Table 1. Shell/shell deviation and results of ANOVA (in millimeters)
Operator A V.S Operator B

Mean±SD

Minimum

Maximum

Operator A

0.31±0.12

0.19

0.63

Operator B

0.23±0.04

0.18

0.33

signiﬁcant
*P<0.05
P<0.05
<0.05

Table 2. Shell/shell
deviation and results of ANOVA (in millimeters)
st
nd
1 V.S 2 time operation by operator A

Minimum

Maximum

1st operation

Mean±SD
0.31±0.12

0.19

0.63

2nd operation

0.31±0.12

0.19

0.64

J. Taiwan Assoc. Orthod. 2012, Vol. 24. No. 4

signiﬁcant
P>0.05
>0.05
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Fig 1. Some 3D software is able to show virtual models both in 2D (coronal, axial, and sagittal cross section
view) and 3D views that can be used for manual superimposition register the dental model onto CBCT
bone model.

Fig 2. 3D object of the teeth, which is segmented with default teeth threshold (1200~3091) in Simplant OMS, is
created for both 3D manual superimposition and validation afterwards.

Fig 3. Load STL file of maxillary dental model by using the wizard with the function“Load maxillary /
mandibular cast”in Simplant OMS.

20

J. Taiwan Assoc. Orthod. 2012, Vol. 24. No. 4

Accuracy and Reproducibility of a Manual 3-dimensional Superimposition Method to Register Dental Model Images to
Cone-beam Computer Tomography (CBCT) Image – A Preliminary Study

Fig 4. Assign 3 corresponding points to roughly align / register the dental model to the 3D CT bone model with
the wizard function of“Load maxillary / mandibular cast”in SimPlant OMS.

Fig 5. In SimPlant OMS, the contour of the dental model can be show in coronal, sagittal, and axial 2D view, which
is used to reﬁne the registration by accurately superimposing the dental model onto the CBCT images.

Fig 6. The validation is performed by calculating the shell-shell distance in between the dental model and the
CBCT teeth model in 3dMDvultus. The software automatically presents the mean, maximum, minimum,
and the root mean square difference (RMSD).

J. Taiwan Assoc. Orthod. 2012, Vol. 24. No. 4
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CONCLUSION
Manual 3D superimposition is able to achieve good
accuracy of registration. However, outlier still exists and
would deteriorate clinical results. So validation of the
registration is highly recommended after each registration
with the use of this manual 3D superimposition technique.
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以徒手3D疊合技術將牙模影像對位於錐形線束
電腦斷層頭顱影像之精確性與重覆性— 初步研究
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目的：此實驗的目的是要評估以徒手3D疊合技術將牙模影像對位於錐形線束電腦斷層頭顱影像之精
確性與重覆性。
材料和方法：此研究包含八個病患中的十二個牙弓。錐形線束電腦斷層頭顱影像與牙科印模依矯正紀
錄取得，牙模影像經雷射掃描後以STL檔案模式儲存。在SimPlant OMS軟體中以徒手3D疊合技術將牙
模影像對位於錐形線束電腦斷層頭顱影像，之後在3dMDvultus中做驗證，其精確性以RMSD來呈現，
之後再以Wilcoxon Two-Sample Test and pair T test來評估不同受試者及相同受試者間的不同。
結果：受試者A和B的RMSD分別為0.31和0.23，兩者間在統計學上有顯著差異。受試者A前後兩次的
RMSD都是0.31，在統計學上無顯著差異。
結論：整體來看，徒手3D疊合技術在對位上可得到良好的精確性，但仍可能有太大的誤差會影響臨
床上的結果，因此強烈建議以徒手3D疊合技術時須將對位結果再做驗證。(J. Taiwan Assoc. Orthod.

24(4): 16-23, 2012)
關鍵詞：對位、影像疊合、錐形線束電腦斷層頭顱影像、精確性、重複性、3D、牙齒模型
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